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Chapter 1 
Introduction 
Aerodynamic structures are often designed to have "smooth" surface con- 
tours. Frequently this "smooth" surface results in a somewhat distorted or 
rough surface due to the connection points of the outer skin to ribs and 
bulkheads. The surface is well defined at these connection points but is al- 
lowed to vary between them, and the resulting surface is no longer smooth 
due to a very small oscillatory behaviour. 
The surface roughness introduced into the actual structure is undesir- 
able from an electromagnetic scattering view point. The scattered field 
from an isolated area of the surface is insignificant, yet the periodic na- 
ture of the surface roughness due to the regularly spaced bulkheads and 
ribs compounds the effect of the individually distorted areas. The effect of 
this periodicity can generate a significant backscattered field at some inci- 
dence angle and frequency because the scattered field from each individual 
perturbation adds constructively. 
This report presents measured and calculated results for backscatter 
1 
from a rough surface due to a sinusoidal surface variation. 
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Chapter 2 
Rough Surface Definition 
A simple sinusoidal surface variation over a planar surface was chosen to 
demonstrate the scattering from a periodic surface. Sinusoidal surface vari- 
ations were machined into two aluminium plates, each .375 inch thick. The 
planar extent of this roughness was 11 by 36 inches with a 1 inch period and 
peak to peak variation of .01 and .03 inches for the two plates respectively. 
Figure 2.1 is a picture of one plate illustrating the geometry. 
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Figure 2.1: Planar metal surface with a sinusoidal surface variation. 
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I Chapter 3 
Measurements 
Swept frequency backscat ter RCS (radar cross section) measurements were 
taken for the two plates with both principal polarizations. The plates were 
aligned with the incident field normal to the translation of the sinusoidal 
variation. Incidence angles of lo", 20" and 30" from grazing were measured. 
Each measured apectrum was numerically transformed into the time domain 
using an FFT. The time reference for time equalling zero for the transient 
signatures is located at the center of the plates. Figures 3.1 through 3.3 are 
the E-plane measurements for the plate with surface variations of .01 inches 
at grazing angles of lo", 20° and 30", respectively. Figures 3.4 through 
3.6 are the H-plane measurements for the plate with surface variations of 
.01 inches at grazing angles of lo", 20" and 30", respectively. Figures 
3.7 through 3.9 are the E-plane measurements for the plate with surface 
variations of .03 inches at grazing angles of lo", 20" and 30", respectively. 
Figures 3.10 through 3.12 are the H-plane measurements for the plate 
with surface variations of .03 inches at grazing angles of lo", 20" and 30", 
respectively. 
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Figure 3.1: E-plane RCS response for sinusoidal surface variation of .01 
inches at 10 degrees grazing incidence. 
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Figure 3.2: E-plane RCS response for sinusoidal surface variation of .01 
inches at 20 degrees grazing incidence. 
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Figure 3.3: E-plane RCS response for sinusoidal surface variation of .01 
inches at 30 degrees grazing incidence. 
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Figure 3.5: H-plane RCS response for sinusoidal surface variation of .01 
inches at 20 degrees grazing incidence. 
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Figure 3.6: H-plane RCS response for sinusoidal surface variation of .01 
inches at 30 degrees grazing incidence. 
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Figure 3.7: E-plane RCS response for sinusoidal surface variation of .03 
inches at 10 degrees grazing incidence. 
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Figure 3.8: E-plane RCS response for sinusoidal surface variation of .03 
inches at 20 degrees grazing incidence. 
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Figure 3.9: E-plane RCS response for sinusoidal surface variation of .03 
inches at 30 degrees graaing incidence. 
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Figure 3.10: H-plane RCS response for sinusoidal surface variation of .03 
inches at 10 degrees grazing incidence. 
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Figure 3.11: H-plane RCS response for sinusoidal surface variation of .03 
inches at 20 degrees grazing incidence. 
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Figure 3.12: H-plane RCS response for sinusoidal surface variation of .03 
inches at 30 degrees grazing incidence. 
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Note the similarity of the features on the plots. The spectra have a 
rapid variation due to the interaction of the leading and trailing edges 
which is shown on transient signatures. The important feature is the lobe 
occurring at roughly 6 GHz. The surface roughness induces a scattering 
which is additive in nature, thereby causing the grating lobe. This feature 
is portrayed by the oscillatory trace between the leading and trailing edges 
in the time domain plot. The frequency position of this lobe is determined 
when corresponding surface points are one-half lambda apart and is given 
by 
C 
fl = 2 4 ,  e 
were c is the speed of light, dp is the period of variation and 8 is the angle 
of grazing. Also notice that the magnitude of the lobe is rather insensitive 
to the angle of incidence. 
The most critical polarization for grating lobe scattering is when the 
plane containing the electric incident field is normal to the roughness as 
demonstrated in the measurements. When the electric field is parallel to 
the surface, the image field tends to cancel the incident field and thereby 
does not produce a strong scattered field. 
Another measurement was performed to highlight the scattering from 
this periodic surface. Resistive edge card was used to treat the leading 
and trailing edges of the plate with the .03 inch variation. Figure 3.13 is 
the scattered field response for this treated plate at 10" grazing incidence 
with E-plane polarization. Note the appearance of the second grating lobe 
around 12 GHz. Overlaid on this measurement is the physical optics (PO) 
calculation of the scattered field due to surface roughness. The agreement 
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is reasonable between the measurement and calculation considering that 
PO is generally unreliable for grazing angles of incidence. 
Figure 3.14 contains a family of curves based upon physical optics for the 
RCS due to sinusoidal surface roughness. The calculations are for a surface 
11 by 36 inches with 36 periods with each period being 1 inch. The curves 
are for grazing incidence angles of lo", 20" and 30". The amplitude of the 
sinusoidal roughness was varied between .001 and .015 inches. The incident 
field frequency was controlled such that the first grating lobe appeared at 
the desired incident angle. 
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Figure 3.13: E-plane RCS response for sinusoidal surface variation of .03 
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Chapter 4 
Conclusions 
The scattering from periodic surface roughness for backscatter can be sig- 
nificant for low cross section vehicles at a given frequency and observation 
angle. The greatest scattering can be observed when the magnetic field is 
parallel to the surface. When the electric field is parallel to the surface, the 
image field tends to cancel the incident field and thereby does not produce 
a strong scattered field. The magnitude of the grating lobes is sensitive 
only slightly to the angle of incidence but much more to the roughness of 
the surface. The grating lobe effect can be controlled by destroying the 
periodicity of the roughness. 
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